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ADJUSTABLE MICROCONTROLLER WAKE -UP SCHEME 

Field of the Invention 

The present invention relates to a method and/or 
architecture for wake-up schemes generally and, more particularly, 
to a method and/or architecture for an adjustable microcontroller 
wake-up scheme. 

Background of the Invention 

Conventional methods and/or circuits for wake-up schemes 
are based on a fixed delay element. The fixed delay element is 
implemented either on-chip or off -chip. One such conventional 
method implements an R-C charging circuit configured to cause the 
wake-up event (e.g., generation of an interrupt). Another such 
conventional method implements a free-running low power oscillator. 

Conventional off-chip timers (i) require additional pins 
on the microcontroller device and (ii) require external components 
(e.g., R-C charging circuit). Conventional on-chip timers (i) are 
not accurate, (ii) lack a mechanism to improve accuracy, (iii) 
require several cycles of wake -up and re -suspend for long delays 
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and (iv) have high power consumption. Additionally, both off-chip 
and on-chip timers have limited wake-up time ranges. 
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Summary of the Invention 

The present invention concerns an apparatus comprising a 
first circuit and a second circuit. The first circuit may be 
configured to wake-up the second circuit in response to an input 
signal. The input signal generally comprises a programmable delay 
value . 

r©j The objects, features and advantages of the present 

00 

invention include providing a method and/or architecture for 
implementing a wake -up scheme that may (i) provide an internal 
solution for causing the wake-up of microcontrollers by moving from 
Q a- suspend or sleep mode, (ii) implement relatively long target 
15 times (e.g., up to hundreds of milliseconds or more), (iii) 
implement a range of wake-up times and/or (iv) provide increased 
accuracy. 
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Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be apparent from the following detailed 
description and the appended claims and drawings in which: 

FIG. 1 is a block diagram of a preferred embodiment of 
the present invention; 

FIG. 2 is a detailed block diagram of a divider circuit 

of FIG- 1; 

FIG. 3 is a block diagram of an alternate embodiment of 
r&j the present invention; and 

8H FIG. 4 is a block diagram of an implementation of the 

present invention. 
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Detailed Description of the Preferred Embodiments 

Referring to FIG. 1, at block diagram of circuit 100 is 
shown in accordance with a pj/eferred embodiment of the present 
invention. In one example, t/he circuit 100 may be implemented as 
a user programmable wake -up/ timer. The circuit 100 may implement 
a programmable wake-up timer that may be used with a processing 
20 device, such as a microprocessor or a microcontroller, to control 
the exiting of a suspend or sleep mode. The circuit 100 may also 
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allow variations in the y&ake-up time (that may result from 
processing or operating czfondit ions) to be tuned out. The circuit 
100 may allow a usey to program a delay value for a wake -up 
operation. The tinWr 100 may have a low-power consumption and may 
operate in a low-power suspended state without requiring any 
additional pinp or external components. 
fyc^ The circuit 100 may be required to provide a periodic 

wake-up indication. The circuit 100 may be required to provide the 
periodic wake-up indication to allow A device (e.g., a computer) to 
respond to an event (e.g., push of /a button or mouse movement) . A 
timing of the wake-up indication/may be programmed by a user. The 
circuit 100 may allow for significant variation and/or adjustment 
of the wake-up time for different users/applications. The circuit 
100 may provide a reasonable accuracy in sleep time (e.g., 
efficient use of suspend mode power budget) . In the example of a 
Universal Serial Bus (U9B) microcontroller, an average current of 
less than 500 uA during^ suspend may be implemented. However, other 
suspend currents may be implemented accordingly to meet the design 
criteria of a particular implementation. Additionally, the circuit 
100 may be configured to operate between two operating modes. For 
example, the circuit 100 may operate under any power conditions 
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between a full operation mode^ and a sleep (or suspend) operation 
mode (e.g., between (i) a /low speed/high speed mode, (ii) a low 
power/high power mode, e£ c . ) . The circuit 100 may eliminate pins 
previously used for external wake-up components.. 

The structure of the circuit 100 may comprise a delay 
block (or circuit) 102, a divider block (or circuit) 104 and a 
multiplexer block (or circuit) 106. In one example, the divider 
block 104 and the multiplexer block may be implemented as a single 
select block (or circuit) . The delay block 102 may have an input 
108 that may receive a signal (e.g., ENABLE). Additionally, the 
delay block 102 may have an output 110 that may generate a signal 
(e.g., DELAY). The signal ENABLE may initiate the generation of 
the signal DELAY by the delay block 102. The signal DELAY may be 
presented to an input 112 of the divider block 104. 

The divider block 104 may have an output 114 that may 
generate n number of signals (e.g., DIV_DEL) , where n is an 
integer. The signals DIV_DEL may be implemented, in one example, 
as divided delay signals. The divided delay signals DIV_DEL may be 
presented to an input 116 of the multiplexer 106. The multiplexer 
106 may have an input 118 that may receive a signal (e.g., 
ADJUST [3 : 1] ) . In one example, the signal ADJUST [3:1] may be 
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implemented as a multi-bit signal. In another example, the signal 



ADJUST [3:1] may be implemented as a user programmable input signal. 

The multiplexer 106 may have an output 120 that may 
generate a signal (e.g., OUTPUT). In one example, the signal 
OUTPUT may be implemented as a wake-up signal. However, the signal 
OUTPUT may be implemented as another appropriate signal in order to 
meet the criteria of a particular implementation. The multiplexer 
106 may multiplex the divided delay signals DIV_DEL in response to 
the signal ADJUST [3:1]. The circuit 100 may provide an internal 
timer with range selection and calibration capability. 



an analog delay circuit. In another example, the delay circuit 102 
may be implemented as a current charging a capacitor, a ring 
oscillator, and/or a R-C delay time. However, the delay block 102 
may be implemented as othey types delay devices in order to meet 
the criteria of a particular implementation. The delay circuit 102 
may be implemented as a ^slow- charging circuit having minimal power 
consumption. The delay 102 may be configured to provide a baseline 
delay time (e.g., Jthe signal DELAY). The signal DELAY and 
therefore the delay time of the circuit 100 may typically have a 
wide variation in/an integrated circuit application. The variation 




In one example, the delay block 102 may be implemented as 
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of the signal DELAY As generally dominated by silicon processing 
variations in the/fabrication of the integrated circuit containing 
the circuit 10^6. 

Referring to FIG. 2, a detailed block diagram of the 
divider block 104 is shown. The divider block 104 generally 
comprises a number of divide blocks (or circuits) 130a-130n. The 
divide blocks 13 0a- 13 On may be implemented, in one example, as 
divide by 2 dividers. However, the divide blocks 130a-130n may 
each be implemented as another appropriate divider in order to meet 
the criteria of a particular implementation. The divide blocks 
130a-130n may be connected in series. The divide block 130a may. 
receive the signal DELAY. The divide block 13 0a may present a 
divided output signal to the divide block 13 0b. Each of the divide 
blocks 13 0b- 13 On may receive a divided output from a proceeding 
divide block 130a-130n. 

Additionally, each of the divide blocks 130a- 103n may be 
connected to the divided delay signal DIV_DEL . Each of the divide 
blocks 13 0a-130n may be configured to generate at least one divided 
clock signal of the divided delay signal DIV_DEL. The divided 
clock signals may be presented as the divided delay signal DIV_DEL. 
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The divider circuit 104 may be implemented to extend a 
delay range of the circuit 100. The divider block 104 may divide 
the signal DELAY into the multiple divided signals DIV_DEL. In one 
example, the divider 104 may be implemented as a ripple divider 
circuit. However, the divider circuit 104 may be implemented as 
other appropriate delay devices in order to meet the criteria of a 
particular implementation. The multiplexer 106 may multiplex the 
divided delay signals DIV_DEL in response to the signal 
ADJUST [3:1], The multiplexer 106 may tune the signal OUTPUT in 
response to the signal ADJUST [3:1]. 

The signal ADJUST [3:1] may be implemented, in one 
example, as a 3-bit signal. However, the signal ADJUST[3:1] may be 
implemented as other appropriate bit -width signals to meet the 
criteria of a particular implementation. The circuit 100 may 
provide a number of wake-up times (e.g., the multiple delay signals 
DIV_DEL) with respect to an initial delay time (e.g., the signal 
DELAY) . The signal ADJUST [3:1] may allow the number of the wake-up 
times. The wake-up timer of the circuit 100 may be programmed by 
the signal ADJUST [3:1] . However, the circuit 100 may be programmed 
in a number of alternate ways such as (i) pins configured to store 
a delay value, (ii) data pins configured to receive a delay value, 

8 



0325.00339 
CD00004 

(iii) loading in a delay value from a register, (iv) coding a delay 
value in microprocessor code, and/or (v) coding a delay value in 
firmware. However, the circuit 100 is not limited to the 
programming methods as described. 

The circuit 100 may tune out variation from process (and 
possibly operating conditions) . The circuit 100 may allow a 
processor to automatically choose a range closest to a target sleep 
period (via the signal ADJUST [3 : 1] ) . 

In general, once the signal ENABLE is asserted, the delay 
block 102 may generate the signal DELAY. The signal DELAY is 
generally presented to the divider block 104. The divider 104 may 
present the divided delay signals DIV_DEL to the multiplexer 106. 
The multiplexer 106 may generate the signal OUTPUT in response to 
the signal ADJUST [3:1] and the signals DIVJDEL. The signal 
ADJUST [3:1] may allow configuration of a number of delay counts of 
the circuit 100. The signal OUTPUT may be implemented as a wake-up 
signal (e.g., an interrupt) to bring the device out of sleep or 
suspend mode . 

The various signals are generally "on" (e.g., a digital 
HIGH, or 1) or "off" (e.g., a digital LOW, or 0). However, the 
particular polarities of the on (e.g., asserted) and off (e.g., de- 
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asserted) states of the signals may be adjusted (e.g., reversed) 
accordingly to meet the design criteria of a particular 
implementation. 

The wake-up time is generally adjusted by a programmable 
number of control bits of the signal ADJUST [3:1] . The number of, 
as well as the control bits themselves, may be programmed by a user 
or by appropriate firmware. In one example, the number of control 
bits may be 3. However, other numbers of control signals may be 
implemented accordingly to meet the design criteria of a particular 
implementation. In the example of 3 control bits, 8 possible 
wake-up times may be implemented. Each of the 8 choices of wake-up 
times, in one example, may increase the delay time by a factor of 
2 times longer than the time delay of the previous setting. For 
example, the wake-up delay times may have settings of lx, 2x, 4x, 
8x, 16x, 32x, 64x, and 128x greater than the default delay. The 
default delay is typically a convenient wake-up time and/or the 
fastest wake-up time allowable. 

In one example, a default delay time of 3 ms may be 
defined. Operating condition delays of the device typically vary 
between 1 ms and 5 ms from the baseline delay (e.g., 3 ms) of a 
particular chip. To generate a 100 ms delay, the 32x choice 
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generally provides 3 * 32, or 96 ms nominal delay. However, the 
32x choice may provide a delay range that may vary between 32 ms 
and 160 ms . For applications such as a wake-up from suspend (e.g., 
in USB mouse applications) , the delay time is generally controlled 
as accurately as possible. The tuning scheme (e.g., programming) 
of the timer 100 may allow the delay of the circuit 100 to be tuned 
to within ±35% of the desired delay range. Typical representative 
default wake-up times are shown in TABLE 1 below. The setting 
column may show different configurations of the signal ADJUST [3:1] . 



TABLE 1 



Setting 


Wake -up scale 


Min Time (ms) 


Max Time (ms) 


1 


lx 


1 


5 


2 


2x 


2 


10 


3 


4x 


4 


20 


4 


8x 


8 


40 


5 


16x 


16 


80 


6 


32x 


32 


160 


7 


64x 


64 


320 


8 


128x 


128 


640 



For a 100 ms desired delay time, the useful range choices 



may be implemented by tuning to the best range. A predefined limit 
(e.g., between 64 ms and 128 ms or between setting 7 and 8) may 
represent a fastest condition or a predefined limit (e.g., between 
80 ms and 160 ms or between settings 5 and 6) may represent a 
slowest condition. By selecting an optional setting (e.g., 
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settings 1-8) for a particular device, the wake-up time error in a 
worst case scenario is normally less than ±3 5% from the desired 
time . 

H^jJ^ The wake-up time of the timer^lOO may be tuned (e.g., 

programmed) by the signal ADJUST [3 : 1] . /Additionally, the wake-up 
time for a device may be measured dur/ng a normal operation (e.g., 
non- suspended) . The measurement/ of the wake-up time for a 
particular chip may be accomplished by (i) determining an initial 
wake-up setting, (ii) starting tme wake-up timer 100 (which runs in 
either awake or suspended modfes) , (iii) determining a delay time 
between enabling the wake-vip timer 100 and an assertion of the 
signal OUTPUT and (iv) changing the initial wake -up setting in 
response to the delay time. The measured wake-up time may indicate 
a speed of the chip (under the current conditions) . The timer 100 
may allow a user and/or appropriate firmware to select the best 
wake-up setting foy the particular chip. The wake-up setting may 
be stored in a register and presented to the signal ADJUST [3:1] 
during suspend mode (if the circuit is enabled) . 

The wake-up time determination scheme may be repeated to 
account for changes in operating conditions. The timer 100 may 
implement alternate scale factors to the geometric wake-up scale 

12 



0325.00339 
CD00004 

factors (lx, 2x, ... 128x) . However, the alternate scale factors may 
have to trade-off range for resolution. For example, the scale 
factors may be increased to cover a greater range with a 
predetermined number of bits (e.g., lx, 4x, 16x, 64x ...). 
However, the greater range has a trade-off of reduced resolution 
and accuracy. 

Referring to FIG. 3, a block diagram of an alternate 
embodiment of the present invention marked with primed notation is 
shown. The circuit 100' may be similar to the circuit 100. The 
circuit 100' generally comprises the delay block 102' and a counter 
block (or circuit) 140. The delay block 102' may have the output 
110' that may present the signal DELAY. The signal DELAY may be 
presented to an input 142 of the counter 140. An input 144 of the 
counter 140 may receive the signal ADJUST [3:1] . Additionally, the 
counter 140 may have an output 146 that may present the signal 
OUTPUT. In one example, the counter 14 0 may be implemented as a 
down counter. In another example, the counter 140 may be 
implemented as an up counter. However, the counter 14 0 may be 
implemented as another appropriate type or configuration of counter 
in order to meet the criteria of a particular implementation. 
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The delay circuit 102 ' may cIock the counter 140. The 
delay counter 102' may clock the counter with the delay clock 
DELAY. An initial count of the counter 140 may be provided by the 
signal ADJUST [3:1] . The counter 14^6 may count UP/DOWN in response 
to the signal DELAY and the signal ADJUST [3:1], The counter 140 
may count from the initial/ value determined from the signal 
ADJUST [3:1]. The initial /value of the signal ADJUST [3:1] may be 
programmed. Additionally, the initial value may be programmed by 
a user. When the /counter 140 reaches a predetermine value 
determined by the ^ignal ADJUST [3:1], the counter 140 may assert 
the signal OUTPUT/: For example, the counter 14 0 may start from an 
initial value /determined by the signal ADJUST [3:1] and count 
up/down to a/ target value (e.g., 0 or 7) . Additionally, the 
counter 140/ may start from an initial value (e.g., 0 or 8) and 



15 count up/down to a target value determined by the signal 
ADJUST [3/1] . 

The counter 140 may reload to the initial count value 
each time the counter 140 counts to the predetermined value. The 
circuit 100' may allow delay time selections to be linear (e.g., 
20 lx, 2x, 3x, 4x, etc.). The circuit 100' may provide increased 
resolution (e.g., smaller step size). However, the circuit 100' 
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may provide a smaller total delay range for a given number of input 
signals . 

The tuning scheme (e.g., programming) of the timer 100 
may allow the delay of the circuit 100 ' to be tuned to within ±3 0% 
of the desired delay range. Typical representative default wake-up 
times are shown in TABLE 2 below. The setting column may show 
different configurations of the signal ADJUST [3:1], 



TABLE 2 



Setting 


Wake -up scale 


Min Time (ms) 


Max Time (ms) 


1 


lx 


1 


5 


2 


2x 


2 


10 


. 3 


3x 


3 


15 


4 


4x 


4 


20 


5 


5x 


5 


25 


6 


6x 


6 


30 


7 


7x 


7 


35 


8 


8x 


8 


40 



For a 7.5 ms desired delay time, the useful range choices 



may be implemented by tuning to the best range. A predefined limit 
(e.g., between 7 ms and 8 ms or between setting 7 and 8) may 
represent a fastest condition or a predefined limit (e.g., between 
5 ms and 10 ms or between settings 1 and 2) may represent a slowest 
condition. By selecting an optional setting (e.g., settings 1-8) 
for a particular device, the wake-up time error in a worst case 
scenario is normally less than ±30% from the desired time. 
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Referring to FIG. 4, an implementation of the timer 100 
(or 100') is shown. In one implementation, the timer 100 may be 
implemented within a controller 200. The controller 200 may be 
implemented as, in one example, a microcontroller. However, the 
5 controller 2 00 may be implemented as other appropriate type device 
in order to meet the criteria of a particular implementation. The 
timer 100 may operate internally to the microcontroller 200. The 

jm microcontroller 2 00 may provide the signal ENABLE and the signal 

(3 

ADJUST [3:1] . Additionally, the microcontroller 2 00 may receive the 

til 
M 

1«qS signal OUTPUT. The signal OUTPUT may be implemented as a wake-up 

w 

&! signal for the microcontroller 200. 

The timer 100 may implement, in one example, a fully 

iff 

Z; internal wake-up timer (e.g., a timer within a microcontroller that 

\ y 

p does not require additional pins or external devices to operate) . 
15 The wake-up timer 100 may retain a wide range of wake-up times and 
provide accurate tuning of the wake-up times. Additionally, the 
timer 100 may provide an area efficient circuit with low power 
consumption. 

The wake-up timer 100 may be implemented in circuits, 
20 such USB microcontrollers, to solve conflicting demands over 
desired wake-up times. However, the wake-up timer 100 may be 

16 



0325.00339 
CD00004 

implemented in a number of design implementations. For example, 
the delay circuit 102 may be implemented as any type of low power 
oscillator circuit to provide an appropriate base delay of a 
particular implementation. Additionally, the timer 100 may be 
auto-calibrated by appropriate firmware to select an accurate 
target delay time. 

The function performed by the timer 100 of FIGS. 1 and 3 
and 4 may be implemented using a conventional general purpose 
digital computer programmed according to the teachings of the 
present specification, as will be apparent to those skilled in the 
relevant art(s). Appropriate software coding can readily be 
prepared by skilled programmers based on the teachings of the 
present disclosure, as will also be apparent to those skilled in 
the relevant art(s). 

The present invention thus may also include a computer 
product which may be a storage medium including instructions which 
can be used to program a device to perform a process in accordance 
with the present invention. The storage medium can include, but is 
not limited to, any type of ROM, RAM, EPROM, EE PROM, Flash memory, 
or any type of media suitable for storing electronic instructions. 
The present invention may also be implemented by the preparation of 
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ASICs, FPGAs, or by interconnecting an appropriate network of 
conventional component circuits, as is described herein, 
modifications of which will be readily apparent to those skilled in 
the art (s) . 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 
and scope of the invention. 
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